Background: Vascular risk factors play a role in the development of dementia, including Alzheimer disease (AD). However, little is known about the effect of body mass index and clustering of vascular risk factors on the development of dementia.
)
was associated with the risk of dementia and AD even after adjusting for sociodemographic variables (odds ratio [OR], 2.4 [95% confidence interval (CI), 1.2-5.1]). The association was somewhat modified by further adjusting for midlife blood pressure, total cholesterol level, and smoking (OR, 2.1 [95% CI, 1.0-4.6]) and also for apolipoprotein E genotype and history of vascular disorders (OR, 1.9 [95% CI, 0.8-4.6]). Midlife obesity, high total cholesterol level, and high systolic blood pressure were all significant risk factors for dementia with ORs of around 2 for each factor, and they increased the risk additively (OR, 6.2 for the combination).
Conclusions: Obesity at midlife is associated with an increased risk of dementia and AD later in life. Clustering of vascular risk factors increases the risk in an additive manner. The role of weight reduction for the prevention of dementia needs to be further investigated.
Arch Neurol. 2005; 62:1556 -1560 T HE PREVALENCE OF OBESITY is on the increase all over the world. 1, 2 Obesity is related to vascular diseases, and there is increasing evidence linking vascular risk factors to dementia and Alzheimer disease (AD). Nevertheless, the association between obesity and the risk of dementia has not been extensively studied, and the few long-term follow-up studies conducted so far have yielded somewhat conflicting results. [3] [4] [5] [6] Further, although vascular risk factors are interrelated and tend to cluster together, earlier studies have focused on a single risk factor alone. [7] [8] [9] [10] To our knowledge, no population-based study has yet evaluated the association between midlife body mass index (BMI) and clustering of various vascular risk factors with dementia and AD in late life in both sexes. Herein, we first evaluated the association between midlife BMI and the later development of dementia and AD in a population-based cohort. Second, we investigated how vascular risk factors independently and in clusters could influence the occurrence of dementia and AD.
METHODS

SUBJECTS
The participants of the Cardiovascular Risk Factors, Aging, and Dementia (CAIDE) study were derived from 4 separate and independent population-based, random samples examined within the framework of the North Karelia Project and the FINMONICA study in 1972, 1977, 1982, or 1987. 11 Participation rates of these surveys ranged from 82% to 90%. Those individuals still alive, aged 65 to 70 years at the end of 1997, and living in 2 geographically defined areas in or close to the towns of Kuopio and Joensuu, Finland, were the target of this study (n=2293). From these subjects, a random sample of 2000 persons was invited to a reexamination carried out during 1998. 12 Altogether, 1449 people (73%) participated. These 900 women (62%) and 549 men (38%) had a mean (SD) age of 50.6 (6.0) years at the time of the midlife examination and 71.6 (4.1) years at the follow-up examination. The mean (SD) length of follow-up was 21 (4.9) years. The study was approved by the local ethics committee, and written informed consent was obtained from all participants.
METHODS
The survey methods used during the baseline (midlife) visits were carefully standardized and comply with international recommendations. They also followed the World Health Organization MONICA protocol 13 in 1982 and 1987 and were comparable with the methods used in 1972 and 1977. In brief, the baseline survey included a self-administered questionnaire on health behavior, health status, and medical history. A venous blood specimen was taken to determine serum total cholesterol level. Systolic (SBP) and diastolic (DBP) blood pressure were measured from the right arm of the subjects after they had been seated for 5 minutes. Height and weight were measured, and BMI was calculated as weight in kilograms divided by the square of height in meters.
During the reexamination in 1998, the survey methods followed those used in the previous surveys in all aspects. Furthermore, the apolipoprotein E (ApoE) genotypes were analyzed.
14 Cognitive status was assessed using a 3-step protocol for the diagnosis of dementia: a screening, a clinical, and a differential diagnostic phase (Figure) . 12 A total of 61 participants were diagnosed as having dementia according to Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, 15 and 48 of them fulfilled the diagnostic criteria of AD according to the NINCDS-ADRDA. 16 The dementiadiagnoses(n=56)ofthenonparticipantswerederivedfrommedical records of hospitals and health care centers. In the main analyses, we used only dementia and AD diagnoses from the study to ensure diagnostic accuracy, but we reran the analyses also including dementia cases from the medical records.
STATISTICAL ANALYSES
We categorized BMI into 3 groups using widely recognized cutoff points 2 : BMI lower than 25, BMI of 25 to 30, and BMI higher than 30 kg/m 2 . Differences between the study groups were analyzed with the 2 test, t test, and analysis of variance as appropriate. The association between midlife BMI and subsequent dementia and AD was investigated with multiple logistic regression analyses, using normal weight as the reference category. We conducted the first analyses adjusting for age, sex, education, and follow-up time (model 1) and then adjusting further for midlife vascular risk factors including SBP, DBP, total cholesterol level, and smoking (model 2). Finally, we conducted analyses also adjusting for ApoE ε4 status and history of myocardial infarction, stroke, and diabetes mellitus (model 3). The putative multiplicative interactions between BMI and ApoE ε4 and between BMI and sex were analyzed by adding an interaction term into the model.
To analyze the effect of clustering of vascular risk factors for dementia and AD, we created binary variables of midlife vascular risk factors (BMIϾ30, SBPϾ140 mm Hg, DBPϾ95 mm Hg, total cholesterol level Ͼ251 mg/dL [6.49 mmol/L], and smoking (yes/ no). The association between each of these factors and dementia was first investigated in a logistic regression model adjusted for age, sex, education, and follow-up time. Second, risk factors that were significantly related to dementia (BMI, SBP, total cholesterol level) were put into the same model simultaneously to evaluate the independent effect of each risk factor. Third, a summary variable was composed of these binary variables (presence or absence of high BMI, SBP, and total cholesterol level) to analyze how an increase in the number of risk factors was associated with dementia and AD.
The participants with missing information for 1 or several of the covariates were excluded from the respective analyses. Data on the covariates used in models 1 and 2 were available for all 1409 persons and on the covariates used in model 3 for 1290 persons (92%). The level of significance was PϽ.05. The analyses were conducted using SPSS for Windows, release 11.0 (SPSS Inc, Chicago, Ill).
RESULTS
SOCIODEMOGRAPHIC AND CLINICAL CHARACTERISTICS
The mean (SD) BMI at midlife was 26.6 (3.7). One third of the study population had a BMI lower than 25 (normal weight), half had a BMI from 25 to 30 (overweight), and the remaining 16% had a BMI higher than 30 (obese) at midlife. Those individuals with a higher BMI were older, less educated, and had higher SBP and DBP at midlife ( Table 1) . The main midlife vascular risk factors were only modestly correlated with each other: BMI and SBP, Pearson r=0.27 (PϽ.001); BMI and total cholesterol level, r=0.05 (P=.09); and SBP and total cholesterol level, r=0.12 (PϽ.001).
Dementia and AD were significantly more often found among those with a higher midlife BMI. Also, a history of myocardialinfarctionanddiabetesmellitusweremoreprevalent among those with the highest midlife BMI ( Table 1) . The mean (SD) BMI at the reexamination was 27.8 (4. 
MIDLIFE BMI AND RISK OF DEMENTIA AND AD
Subjects who were obese at midlife had an increased risk for dementia when compared with subjects at a Figure. Formation of the study population. Asterisk indicates diagnoses for participants who went through the diagnostic procedures of the study (used in the main analyses); dagger, diagnoses for the whole sample including dementia diagnoses from the medical records for the nonparticipants; AD, Alzheimer disease; MMSE, Mini-Mental State Examination.
normal weight, even after controlling for sociodemographic characteristics and follow-up time ( (Table 2) .
Adjustments in midlife physical activity and fat intake did not change the association between obesity and dementia (model 1, OR, 2.45 [95% CI, 1.17-5.11]). When diabetes mellitus was added to the model with sociodemographic factors, the OR for obesity was 2.15 (95% CI, 1.00-4.59). In the stratified analyses among those without diabetes mellitus (n = 1258), obesity still increased the risk for dementia (model 1, OR, 2.48 [95% CI, 1.10-5.62]). For those with diabetes mellitus, it was not possible to get reliable estimates owing to a small number of participants with the disorder (n=57).
Among women and men separately, obesity was associated with an increased risk of dementia, but the associations did not reach significance (results not shown). There were no significant interactions between BMI and sex (P value for the overall interaction was .82) or between BMI and the ApoE ε4-carrier status (P value for the overall interaction term was .33) for the risk of dementia.
CLUSTERING OF VASCULAR RISK FACTORS AND RISK OF DEMENTIA AND AD
Midlife obesity, high SBP, and high total cholesterol level were all significant risk factors for late-life dementia even when they were placed simultaneously into the model. All of these midlife vascular risk factors added to the risk of dementia approximately 2-fold ( *Model 1 was adjusted with age, sex (where appropriate), education, and follow-up time. Model 2 was adjusted additionally with midlife systolic blood pressure, diastolic blood pressure, total cholesterol level, and smoking. Model 3 was additionally adjusted with apolipoprotein E and history of diabetes mellitus, myocardial infarction, and stroke. BMI was calculated as weight in kilograms divided by the square of height in meters. line significant when they were all simultaneously in a model adjusted for age, sex, education, and follow-up time.
The combination of these midlife vascular risk factors increased the risk of dementia and AD in an additive manner (ie, the risk increased as more risk factors were added) (P value for linear trend Ͻ.001) ( Table 4) . The OR for dementia in participants who had all 3 risk factors was 6.21 (95% CI, 1.94-19.92) compared with participants who had none. There were no multiplicative interactions between BMI and SBP and total cholesterol level for the risk of dementia and AD.
NONPARTICIPANTS
When the dementia diagnoses for the nonparticipants were included and the analyses thereby conducted for the whole sample (N=2000), the association between obesity and the risk of dementia became somewhat stronger; obesity was a significant risk factor for dementia even in model 3 (OR, 1.89 [95% CI, 1.09-3.29]). In the analyses for the clustering of vascular risk factors, the risk for dementia increased in an additive manner (results not shown).
COMMENT
This study shows that obesity at midlife may increase the risk of dementia and AD later in life. The association was attenuated somewhat by adjustment for other vascular risk factors and diseases, indicating that the effect of obesity on dementia might be partly mediated through these vascular factors. However, midlife obesity, high SBP, and high total cholesterol level were all significant risk factors for dementia, each of them increasing the risk around 2 times. Clustering of these vascular risk factors increased the risk of dementia and AD in an additive manner so that persons with all 3 risk factors had around a 6 times higher risk for dementia than persons having no risk factors.
Our results are in accordance with a Swedish study reporting an association between higher BMI at ages 70 to 79 years and subsequent dementia among women. 5 Our study extends these findings to younger age groups and to a population including both men and women. We did not find significant interaction between sex and BMI for dementia, but because of the limited number of cases, we cannot draw firm conclusions about the possible sex differences. In the male cohort of the Honolulu-Asia Aging Study, an increased risk for vascular dementia, but not for AD, with increasing BMI was found. 3 Another study conducted among Japanese individuals found no association between midlife BMI and late-life dementia or AD. 4 The differences between the present study and their results may be due to the differences in the genetic, demographic, and lifestyle characteristics of the populations.
Obesity is an essential feature in the metabolic syndrome, which is otherwise characterized by dyslipidemia, hypertension, glucose intolerance, and insulin resistance. InsulinresistancemaybeimportantinthepathogenesisofAD, 17, 18 and thus, it could partly confer the risk of dementia associated with obesity. Information concerning insulin resistance was not available for our analyses. However, we did have information about the history of diabetes mellitus and when this variable was added into the model with sociodemographic variables only, the association between BMI and dementia became somewhat weaker but remained significant. The association between obesity and dementia was significant also among those without diabetes mellitus, suggesting that diabetes mellitus may not totally explain the association.However,wecannotruleoutresidualconfounding.
The design of our study as a population-based, longitudinal study with a large cohort of participants increases the credibility of the findings. Since we had measurements of BMI and other risk factors already at midlife and a long follow-up period, we can reasonably assume that the presence of preclinical dementia did not affect the association observed, which may be the case in studies with shorter follow-up periods and with the baseline evaluation in later life. However, some limitations do need to be discussed. It would have been interesting to have information about midlife lipoprotein, glucose, and insulin levels and waisthip ratio to be able to further elucidate the apparently complex associations between vascular risk factors. Further, survival bias and nonparticipation at the follow-up may have somewhat influenced our results. Our previous study in the same population showed that obesity at midlife is Abbreviations: CI, confidence interval; OR, odds ratio. *The ORs and CIs presented are for the risk of dementia according to the number of risk factors present at midlife. When the subject had a value higher than the cutoff (Body Mass IndexϾ30, systolic blood pressureϾ140 mm Hg, total cholesterol level Ͼ251 mg/dL [6.49 mmol/L]), the risk factor was considered to be present. Those who had none of these risk factors served as the reference group. Analyses are adjusted for age, sex, education, and follow-up time. The P value for linear trend (P value for the number of vascular risk factors given linear representation) is Ͻ.001. associated with an increased mortality. 19 Thus, if we assume that among the dead there were more obese persons and that they would have been more likely to develop dementia as well, then our results would represent an underestimation of the true risk associated with obesity. The prevalence of obesity and other vascular risk factors in midlife was higher among nonparticipants. Also, people with cognitive decline are less likely to participate in clinical studies. 20 Dementia diagnoses from medical records used for nonparticipants usually underestimate the prevalence of dementia. Hence, if the nonparticipants were at an increased risk for dementia, then our results would again represent an underestimate of the true effect of obesity and vascular risk factors rather than the opposite. The fact that the association between obesity and dementia became somewhat stronger when the nonparticipants were included confirms that our main results were not due to the selective participation but they may underestimate the true effect.
Body mass index is an easily available and inexpensive measurement for assessing the nutritional status of an individual, and high BMI can serve as a useful indicator of the increased risk of dementia. The effect of obesity on dementia may be partly mediated through other vascular factors. However, this does not mean that body weight control should be viewed as less important. On the contrary, lowering BMI has beneficial effects on a range of other risk factors, 21, 22 and thus, one could hypothesize that it may prevent dementia more than estimated from analyses of BMI alone. As our data have shown, the more vascular risk factors, the greater the risk for dementia and AD. Therefore, elimination of even 1 risk factor could decrease this risk. The role of weight reduction for the prevention of dementia needs to be further investigated.
